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SPECIFICATION 

BLOCK COPOLYMERS AND USE THEREOF 

Technical Field 

The present invention relates to a block copolymer, and 
relates to a block copolymer suitably used for polymer 
electrolytes, particularly, fuel cells, and to a use thereof. 

Background Art 

As a barrier membrane of electrochemical devices such as 
primary cells , secondary cells , polymer electrolyte fuel cells 
and the like, a polymer having proton conductivity, namely, a 
polymer electrolyte is used. For example, polymer 

electrolytes containing as an effective component an aliphatic 
polymer having a perf luoroalkylsulf onic acid as a super strong 
acid in the side chain and a perf luoroalkane in the main chain 
typically including Naf ion ( trademark of E.I. DuPont ) are 
conventionally used mainly because of excellent power 
generation property when used as a membrane material or ion 
exchange component for fuel cells. However, such a kind of 
materials are said to have problems such as very high cost, low 
heat resistance, low membrane strength, leading to less 
practicality without some reinforcements applied. 

Under such conditions , development of a inexpensive polymer 
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electrolyte having excellent properties capable of replacing 
the above-mentioned polymer electrolyte is being activated 
recently. 

For example, there is suggested a block copolymer having 
a segment substantially free from an introduced sulfonic acid 
group and a segment having an introduced sulfonic acid group 
wherein the former segment is composed of polyether sulf one and 
the latter segment composed of a repeating unit having an ether 
bond of diphenylsulfone with biphenol having a sulfonic acid 
group (Japanese Patent Application Laid-Open (JP-A) No. 
2003-031232) . 

However, the block copolymer as described above is not 
sufficiently satisfactory as a polymer electrolyte for fuel 
cells and the like, and copolymers showing more excellent 
performances are desired. 

DISCLOSURE OF THE INVENTION 
The present inventors have intensively studied to find a 
block copolymer showing more excellent performances as a 
polymer electrolyte for fuel cells and the like and resultantly 
found that a block copolymer having an acid group in a part of 
diphenylsulfone or benzophenone skeleton as the segment having 
an introduced acid group shows excellent performances in 
various properties such as a membrane forming property, 
chemical stabilities such as oxidation resistance, radical 
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resistance, hydrolysis resistance and the like, membrane 
mechanical strength, water resistance and proton conductivity 
and the like, as a proton conductive membrane for polymer 
electrolytes, particularly, fuel cells, and further 
investigated variously, leading to completion of the present 
invention . 

That is, the present invention provides [1] a block 
copolymer comprising at least one segment having an acid group 
which is represented by the following formula (1) and at least 
one segment substantially free from acid groups which comprises 
repeating units represented by the following formula (2): 



Ar^ represent each independently a divalent aromatic group which 
is optionally substituted by an alkyl group having 1 to 10 carbon 
atoms, alkoxy group having 1 to 10 carbon atoms, aryl group 
having 6 to 10 carbon atoms or aryloxy group having 6 to 10 carbon 
atoms, at least one of Ar^ and Ar^ having an acid group, and 
Ar^ may have an acid group or may be free from acid groups. Y 
represents -CO- or -SO2-, and each Y in the segment being 
independently -CO- or -SO2-.) 




(1) 



(wherein, m represents an integer of 10 or more, Ar^, Ar^ and 
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f-Ar^Z— Ar^O^ (2) 



(wherein, n represents an integer of 10 or more, Ar"* and Ar^ 
represent each independently a divalent aromatic group which 
is optionally substituted by an alkyl group having 1 to 10 carbon 
atoms, alkoxy group having 1 to 10 carbon atoms, aryl group 
having 6 to 10 carbon atoms, aryloxy group having 6 to 10 carbon 
atoms or fluoro group. Z represents -CO- or -SO2-, and each 
Z in the segment being independently -CO- or -SO2-)- 
Also, the present invention provides 

[ 2 ] the block copolymer according to [ 1 ] , wherein the weight 
composition ratio of the segment having an acid group to the 
segment substantially free from acid groups is from 5:95 to 
40:60. 

Further, the present invention provides 

[3] the block copolymer according to [1] or [2], wherein 
the acid group is a strong acid group or a super strong acid 
group , 

[4] the block copolymer according to any of [1] to [3], 
wherein the segment substantially free from acid groups is 
represented the following formula (3): 



- 4 - 




(3) 



(wherein, n and Z have the same meaning as described above. ) , 
[5] the block copolymer according to [4], wherein the 
segment having an acid group is represented by the following 
formula ( 4 ) : 




(4) 

m 



(wherein, m and Y have the same meaning as described above, r 
and s represent each independently 0 or 1, and r+s being 1 or 
2. u represents 1 or 2, and t represents 0, 1 or 2.), 

[ 6 ] the block copolymer according to any of [ 1 ] to [ 5 ] , 
wherein the ion exchange capacity is 0.8 meq/g to 2 . 4 meq/g, 

[7] a polymer electrolyte comprising the block copolymer 
according to any of [1] to [6] as an effective component, 

[8] a polymer electrolyte membrane comprising the polymer 
electrolyte according to [ 7 ] , 

[ 9] a polymer electrolyte composite membrane comprising the 
polymer electrolyte according to [7] , and a porous substrate, 

[10] a catalyst composition comprising the polymer 
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electrolyte according to [ 7 ] , and 

[11] a polymer electrolyte fuel cell comprising at least 
one selected from the polymer electrolyte membrane according 
to [8], the polymer electrolyte composite membrane according 
to [9], and the catalyst composition according to [10]. 

BEST MODES FOR CARRYING OUT THE INVENTION 

The present invention is described in detail below. 

The block copolymer of the present invention is a block 
copolymer comprising at least one segment having an acid group 
and at least one segment substantially free from acid groups, 
and is characterized in that the segment having an acid group 
is constituted of a repeating structure of the formula (1), 
namely, at least one of Ar^ and Ar^ has an acid group- Ar^ may 
have an acid group or may be free from acid groups. 

Ar^, Ar^ and Ar^ in the formula (1) represent each 
independently a divalent aromatic group, and the divalent 
aromatic group includes hydrocarbon aromatic groups such as 
phenylene, naphthylene, biphenylylene, fluorenediyl and the 
like, hetero aromatic groups such as pyr idinediyl , 
quinoxalinediyl , thiophenediyl and the like. Preferable are 
divalent hydrocarbon aromatic groups. 

Here, the divalent aromatic group may be substituted by an 
alkyl group having 1 to 10 carbon atoms optionally having a 
substituent , alkoxy group having 1 to 10 carbon atoms optionally 
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having a substituent, aryl group having 6 to 10 carbon atoms 
optionally having a substituent, aryloxy group having 6 to 10 
carbon atoms optionally having a substituent, and the like, and 
examples of the alkyl group having 1 to 10 carbon atoms 
optionally having a substituent include alkyl groups having 1 
to 10 carbon atoms such as methyl, ethyl, n-propyl, isopropyl, 
allyl, n-butyl, sec-butyl, tert -butyl, isobutyl, n-pentyl, 
2 , 2 -dimethylpropyl , cyclopentyl , n-hexyl , cyclohexyl , 
2-methylpentyl, 2-ethylhexyl and the like, and alkyl groups 
obtained by substitution with a halogen atom such as a fluorine 
atom, chlorine atom, bromine atom and iodine atom, a hydroxyl 
group, nitrile group, amino group, methoxy group, ethoxy group, 
isopropyloxy, phenyl, naphthyl, phenoxy, naphthyloxy or the 
like on these groups, and the like. 

Examples of the alkoxy group having 1 to 10 carbon atoms 
optionally having a substituent include alkoxy groups having 
1 to 10 carbon atoms such as methoxy, ethoxy, n-propyloxy, 
isopropyloxy , n-butyloxy , sec-butyloxy , tert -butyloxy , 
isobutyloxy , n-pentyloxy , 2 , 2-dimethylpropyloxy , 

cyclopentyloxy, n-hexyloxy, cyclohexyloxy , 2-methylpentyloxy , 
2-ethylhexyloxy and the like, and alkoxy groups obtained by 
substitution with a halogen atom such as a .fluorine atom, 
chlorine atom, bromine atom and iodine atom, a hydroxyl group, 
nitrile group, amino group, methoxy group, ethoxy group, 
isopropyloxy, phenyl, naphthyl, phenoxy, naphthyloxy or the 
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like on these groups, and the like. 

Examples of the aryl group having 6 to 10 carbon atoms 
optionally having a substituent include aryl groups having 6 
to 10 carbon atoms such as phenyl, naphtyl and the like, and 
aryl groups obtained by substitution with a halogen atom such 
as a fluorine atom, chlorine atom, bromine atom and iodine atom, 
a hydroxyl group, nitrile group, amino group, methoxy group, 
ethoxy group, isopropyloxy , phenyl, naphthyl, phenoxy, 
naphthyloxy or the like on these groups, and the like. 

Examples of the aryloxy group having 6 to 10 carbon atoms 
optionally having a substituent include aryloxy groups having 
6 to 10 carbon atoms such as phenoxy, naphtyloxy and the like, 
and aryloxy groups obtained by substitution with a halogen atom 
such as a fluorine atom, chlorine atom, bromine atom and iodine 
atom, a hydroxyl group, nitrile group, amino group, methoxy 
group, ethoxy group, isopropyloxy, phenyl, naphthyl, phenoxy, 
naphthyloxy or the like on these groups, and the like. 

Ar^, Ar^ and Ar^ in the formula (1) represent a divalent 
aromatic group optionally having the substituent as described 
above, and particularly, Ar^ and Ar^ are more preferably 
phenylene and Ar^ is more preferably phenylene , biphenylene or 
the like. 

The present invention is characterized in that at least one 
of Ar^ and Ar^ among Ar^, Ar^ and Ar^ as described above has an 
acid group. Ar^ may have an acid group or may be free from acid 
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groups, and it is preferable that Ar^ has an acid group- 

Here, examples of the acid group include weak acid groups 
such as carboxylic acid, phosphonic acid and the like, strong 
acid groups such as sulfonic acid and the like, super strong 
acid groups such as perf luoroalkylenesulf onic acid, 
perf luorophenylenesulf onic acid , 

perf luoroalkylenesulf onylimide and the like. Of them, strong 
acid groups and super strong acid groups are preferable, and 
for example, sulfonic acid, perf luoroalkylenesulf onic acid, 
perf luorophenylenesulf onic acid and the like are suitably used* 

The amount of such an acid group is preferably 0 . 5 or more 
on average per aromatic ring in the formula (1) constituting 
a repeating unit, and particularly preferably one in 
substantially all aromatic rings, 

Y in the formula (1) represents -CO- or -SO2- • Y's in the 
segment represent each independently -CO- or -SO2-, and it is 
preferable that all of them are identical. 

Preferable examples of the segment of the formula ( 1 ) 
include segments of the following formulae (4), (l)-lto(l)-4. 
A segment of the formula (4) is more preferable. 
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(wherein, m and Y have the same meaning as described above, r 
and s represent each independently 0 or 1 , and r+s being 1 or 
2. u represents 1 or 2 , and t represents 0, 1 or 2). 

Here, typical excimples of the segment of the foirmula (4) 
include the following segments. 

In the formula, m has the same meaning as described above. 
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The block copolymer of the present invention is 
characterized by containing the segment having an acid group 
as described above, and contains a segment substantially free 
from acid groups represented by the above-mentioned formula (2) 
in addition to such segments. 

Here, as the segment substantially free from acid groups, 
those having an acid group content of 0.1 or less on average 
per repeating unit constituting the segment are mentioned. 
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Ar* and Ar^ In the formula (2) represent each independently 
a divalent aromatic ring, and typical examples thereof include 
divalent monocyclic aromatic rings such as 1 , 3-phenylene , 

1.4- phenylene and the like, divalent condensed aromatic groups 
such as 1 , 3-naphthalenediyl, 1 , 4-naphthalenediyl , 

1 . 5- naphthalenediyl , 1 , 6 -naphthalenediyl , 
1,7- naphthalenediyl , 2,6- naphthalenediyl , 
2, 7 -naphthalenediyl and the like, divalent biphenylylene 
groups such as 3,3" -biphenylylene , 3,4' -biphenylylene , 
4 , 4 ' -biphenylylene and the like. 

These divalent aromatic rings may be substituted by an alkyl 
group having 1 to 10 carbon atoms, alkoxy group having 1 to 10 
carbon atoms, aryl group having 6 to 10 carbon atoms, aryloxy 
group having 6 to 10 carbon atoms or f luoro group, and as specific 
examples of the alkyl group having 1 to 10 carbon atoms, alkoxy 
group having 1 to 10 carbon atoms, aryl group having 6 to 10 
carbon atoms or aryloxy group having 6 to 10 carbon atoms, the 
same groups as for Ar^, Ar^ and Ar^ are mentioned. 

Particularly, it is preferable that Ar"^ and Ar^ are not 
substituted or substituted by a f luoro group. 

Z in the formula (2) represents -CO- or -SO2-. Z ' s in the 
segment represent each independently -CO- or -SO2-, and it is 
preferable that they represent the same group. 

As typical examples of the segment substantially free from 
acid groups, segments originated from polyether ketone 
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optionally substituted by, for example, the substituent as 
described above are mentioned when Z represents -CO- , and 
segments originated from polyether sulfone optionally 
substituted by the substituent as described above are mentioned 
when Z represents -SO2- , and segments originated from polyether 
ketone ether sulfone optionally substituted by the substituent 
as described above are mentioned when both of them are contained. 
Among them, segments of the following general formula (3) are 
preferably used. 



(wherein, n and Z have the same meaning as described above). 

The block copolymer of the present invention contains a 
segment of the formula (1) having the acid group as described 
above and a segment of the formula (2) substantially free from 
acid groups, as the segment, and typical examples thereof 
include the following block copolymers. 




(3) 
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As the method of producing a block copolymer of the present 
invention, there are listed, for example, I. a method in which 
a block copolymer composed of an un- sulfonated body of a segment 
of the formula (1) (hereinafter, abbreviated as un-sulf onated 
segment of the formula ( 1 ) ) and a segment of the formula ( 2 ) 
is produced, then, an acid group is introduced selectively into 
a portion corresponding to the un-sulf onated segment of the 
formula ( 1 ) , II . a method in which a polymer having an introduced 
acid group as a segment of the formula (1) is produced, then, 
this is bonded to a polymer composed of a segment of the formula 
(2) to obtain a block copolymer. III. a method combining the 
above-mentioned methods I and II, and the like. 

Here, the block copolymer composed of an un-sulf onated 
segment of the formula (1) and a segment of the formula (2) in 
the method I can be produced by combining and reacting a polymer 
having an un-sulf onated segment of the formula (1) and in which 
both ends of the polymer are composed of a hydroxyl group or 
halogen atom or one end thereof is composed of a hydroxyl group 
and another end is composed of a halogen atom with, a polymer 
having a segment of the formula (2) and in which both ends of 
the polymer are composed of a hydroxyl group or halogen atom 
or one end thereof is composed of a hydroxyl group and another 
end is composed of a halogen atom. 

For example, a. a method in which a polymer with a hydroxyl 
group on both ends and a polymer with a halogen atom on both 
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ends are condensed in nucleophilic substitution manner under 
the effect of a base, b. a method in which a polymer with a 
hydroxyl group on one end and a halogen atom on another end and 
another polymer with a hydroxyl group on one end and a halogen 
atom on another end are condensed in nucleophilic substitution 
manner under the effect of a base , c . a method in which a polymer 
with a hydroxyl group on both ends and another polymer with a 
hydroxyl group on both ends are bonded using a compound acting 
as a connecting group such as decaf luorobiphenyl , 
hexaf luorobenzene , 4,4'- dif luorobenzophenone , 

4,4' -dif luorodiphenylsulf one and the like , d. a method in which 
a polymer with a halogen atom on both ends and another polymer 
with a halogen atom on both ends are bonded using a compound 
acting as a connecting group such as 4 , 4 * -dihydroxybiphenyl, 
bisphenol A, 4,4' -dihydroxybenzophenone, 

4 , 4 ' -diydroxydiphenylsulfone and the like, or by a de-halogen 
condensation reaction, and the like, are exemplified. Also, 
the block copolymer can be produced by a polymerization reaction 
of a monomer and a polymer having a reactive group capable of 
causing the same reaction as the above-mentioned reaction. 

Here, in producing a block copolymer using a connecting 
group as described in the above-mentioned method c, a block 
copolymer having a branched structure can be produced by 
controlling the reaction conditions in the case of using a 
poly-functional connecting group such as decaf luorobiphenyl. 
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hexaf luorobenzene and the like. 

In this case, a block copolymer having a linear structure 
and a block copolymer having a branched structure can be 
produced severally by changing the charging composition of a 
polymer having an un-sulf onated segment of the formula (1) and 
a polymer having a segment of the formula (2). 

As the method of introducing an acid group into a block 
copolymer composed of an un-sulf onated segment of the formula 
(1) and a segment of the formula (2), there is, for example, 
I-l. a method in which a sulfonic acid group is introduced by 
dissolving or suspending a block copolymer in concentrated 
sulfuric acid or fuming sulfuric acid, or by dissolving at least 
partially a block copolymer in an organic solvent, then, 
allowing concentrated sulfuric acid, chlorosulf uric acid, 
fuming sulfuric acid, sulfur trioxide and the like to act on 
this. 

When a block copolymer is produced using the above-mentioned 
method II, namely, by producing a polymer having an introduced 
acid group as a segment of the formula (1), then, bonding this 
to a polymer composed of a segment of the formula ( 2 ) , for example , 
the polymer having an introduced acid group can be produced 
according to the above-mentioned acid group introducing method 
I-l (II-l), or can be produced by polymerizing a monomer having 
a previously introduced acid group (II -2). Also, the block 
copolymer can be produced, for example, by the same method as 
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described above. 

Here, for introducing a certain amount of sulfonic acid 
group under strict control into an aromatic group having an 
electron attractive group like the segment of the formula (1) , 
an excellent result can be obtained by using the method II-2 
rather than using the method II-l- 

The block copolymer obtained by the above-mentioned method 
and the like can be identified by NMR, GPC, IR and the like. 

Thus ,a block copolymer of the present invention is obtained, 
and the content of an acid group in the whole block copolymer 
is preferably from 0 . 1 mmol to 4.0 mmol per g of a polymer 
electrolyte as a block copolymer ( ion exchange capacity : 0.1 
meq/g to 4.0 meq/g) , and in terms of ion exchange capacity, 
particularly preferably from 0.8 meq/g to 2.4 meq/g, and 
especially preferably from 1.3 meq/g to 2.0 meq/g. When the 
acid group content is too small, proton conductivity lowers and 
a function as a polymer electrolyte for fuel cells becomes 
insufficient in some cases, while when the acid group content 
is too large, water resistance becomes undesirably poor in some 
cases. The content of an acid group can be quantified by a 
titration method, NMR and the like. 

The weight composition ratio of a segment having an acid 
group to a segment substantially free from acid groups is not 
particularly restricted, and usually from 3:97- to 70:30, 
preferably from 5:95 to 40:6, further preferably from 10:90 to 
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33:67, particularly preferably from 15:85 to 30:70. When the 
amount of the segment free from acid groups is too small, proton 
conductivity lowers and a function as a polymer electrolyte for 
fuel cells becomes insufficient in some cases, while when the 
amount of the segment having an acid group is too large, water 
resistance becomes undesirably poor in some cases. 

The acid group content of the whole block copolymer can be 
optionally controlled by changing the number of an acid group 
in a segment having the acid group and/or block composition 
and/or number -average molecular weight of each block. 

The average molecular weight of a block copolymer of the 
present invention is preferably 5000 to 1000000, particularly 
preferably 15000 to 200000 in terms of number -average molecular 
weight reduced by polystyrene. 

The average molecular weight of the segment having an acid 
group is preferably 2000 to 100000, particularly preferably 
4000 to 50000 in terms of number -average molecular weight 
reduced by polystyrene. The average molecular weight of the 
segment substantially free from acid groups is preferably 5000 
to 200000, particularly preferably 10000 to 100000 in terms of 
number -average molecular weight reduced by polystyrene. 

The block copolymer of the present invention contains at 
least one segment having an acid group and at least one segment 
substantially free from acid groups, and cases of so-called 
multi block such as a case in which at least one of them is present 
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in plural number, a case in which both segments are present each 
in plural number, are particularly preferable. 

Next , a case using a block copolymer of the present invention 
as a barrier membrane of an electrochemical device of fuel cells 
and the like is described below. 

In this case, the block copolymer of the present invention 
is usually used in the form of film, and a method of converting 
into a film is not particularly restricted, and for example, 
a method of forming a membrane from solution condition ( solution 
cast method) is preferably used. 

Specifically, a copolymer is dissolved in a suitable solvent , 
the solution is cast on a glass plate, and the solvent is removed 
to form a membrane. The solvent used of membrane formation is 
not particularly restricted providing it can dissolve a 
copolymer and thereafter it can be removed, and aprotic polar 
solvents such as N,N-dimethylf ormamide, N,N- dime thylacet amide 
(DMAc) , N-methyl-2-pyrrolidone (NMP), dimethyl sulfoxide 
(DMSO) and the like, chlorine-based solvents such as 
dichloromethane , chloroform , 1,2- dichloroethane , 

chlorobenzene , dichlorobenzene and the like, alcohols such as 
methanol, ethanol, propanol and the like, and alkylene glycol 
monoalkyl ethers such as ethylene glycol monomethyl ether, 
ethylene glycol monoethyl ether, propylene glycol monomethyl 
ether, propylene glycol monoethyl ether and the like, are 
suitably used. These can be used singly and, if necessary, two 
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or more solvents can also be used in admixture- Among them, 
dimethyl sulfoxide , N , N- dimethylf ormamide , 

N,N- dime thylacet amice, N-methylpyrrolidone and the like are 
preferable since they have high solubility of a polymer. 

The thickness of a film is not particularly restricted, and 
preferably from 10 to 300 particularly preferably from 20 

to 100 iim. When thinner than 10 pm, practical strength is not 
sufficient in some cases, and when thicker than 300 membrane 
resistance tends to increase to lower the property of an 
electrochemical device. The membrane thickness can be 
controlled by the concentration of a solution and the applied 
thickness on a substrate. 

For the purpose of improving various physical properties 
of a film, plasticizers , stabilizers, releasing agents and the 
like used in usual polymers can be added to a block copolymer 
of the present invention. Further, other polymers can also be 
made into a composite alloy together with a copolymer of the 
present invention by a method of mixed co-casting in an 
identical solvent, and the like. 

Additionally, for making water control easy in a fuel cell 
application, it is also known to add inorganic or organic fine 
particles as a water holding agent. Any of these known methods 
can be used providing they do not act counter to the object of 
the present invention. Further, it is also possible to 
cross -link a film by irradiation with electron beam, radiation 
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and the like for the purpose of improving the mechanical 
strength of a film, and the like. 

For further improving the strength, flexibility and 
durability of a polymer electrolyte membrane, it is also 
possible to impregnate a porous substrate with a polymer 
electrolyte of the present invention, to give a composite 
membrane. For compositing, known methods can be used. The 
porous substrate is not particularly restricted providing it 
satisfies the above-mentioned use object, and for example, 
porous membranes, woven fabrics, non-woven fabrics, fibrils and 
the like are mentioned and can be used irrespective of its shape 
and material. 

When a polymer electrolyte composite membrane using a block 
copolymer of the present invention is used as a barrier membrane 
of a polymer electrolyte fuel cell, the porous substrate has 
a membrane thickness of 1 to 100 ]im, preferably 3 to 30 pm, 
further preferably 5 to 20 iim, a pore diameter of 0.01 to 100 
]am, preferably 0.02 to 10 pm, and a void percentage of 20 to 
98%, preferably 40 to 95%. 

When the membrane thickness of a porous substrate is too 
small, an effect of reinforcing strength after compositing or 
a reinforcing effect of imparting flexibility and durability 
becomes insufficient, and gas leakage (cross leak) tends to 
occur. When the membrane thickness is too large, electric 
resistance increases, and the resulting composite membrane 
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becomes in sufficient as a barrier membrane of a polymer 
electrolyte fuel cell. When the pore diameter is too small, 
filling of a polymer solid electrolyte is difficult, and when 
too large, a reinforcing effect for a polymer solid electrolyte 
becomes weak. When the void percentage is too small, resistance 
as a solid electrolyte membrane increases, and when too large, 
the strength of a porous substrate itself generally becomes weak 
to lower a reinforcing effect. 

In view of heat resistance and an effect of reinforcing 
physical strength, aliphatic polymers, aromatic polymers or 
fluorine -containing polymers are preferable. 

Next, the fuel cell of the present invention is described. 
As the fuel cell using a polymer electrolyte, there are, for 
example, a polymer electrolyte fuel cell using a hydrogen gas 
as a fuel, and a direct methanol polymer electrolyte fuel cell 
directly feeding methanol as a fuel, and the copolymer of the 
present invention can be suitably used for both of them. 

The fuel cell of the present invention includes that using 
a copolymer of the present invention as a polymer electrolyte 
membrane and/or polymer electrolyte composite membrane, that 
using a polymer electrolyte of the present invention as a 
polymer electrolyte in a catalyst layer, and the like. 

The fuel cell using a copolymer of the present invention 
as a polymer electrolyte membrane and/or polymer electrolyte 
composite membrane can be produced by conjugating a catalyst 
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and a gas diffusion layer to both surfaces of a polymer 
electrolyte membrane and/or polymer electrolyte composite 
membrane. As the gas diffusion layer, known materials can be 
used, and porous carbon woven fabric, carbon non- woven fabric 
or carbon paper is preferable for efficiently transporting a 
raw material gas to a catalyst. 

Here, the catalyst is not particularly restricted providing 
it can activate a redox reaction with hydrogen or oxygen, and 
known catalysts can be used, and preferable is use of platinum 
fine particles. Platinum fine particles are often carried on 
particulate or fibrous carbon such as activated carbon, 
graphite and the like, and preferably used. Further, platinum 
carried on carbon is mixed together with an alcohol solution 
of a perf luoroalkylsulf onic acid resin as a polymer electrolyte 
to give a paste which is applied on a gas diffusion layer and/or 
polymer electrolyte membrane and/or polymer electrolyte 
composite membrane and dried to obtain a catalyst layer. 
Specifically, known methods such as a method described, for 
excimple, in J. Electrochem. Soc. : Electrochemical Science and 
Technology, 1988, 135 (9), 2209 can be used. 

As the fuel cell using a copolymer of the present invention 
as a polymer electrolyte in a catalyst layer, those using a 
copolymer of the present invention instead of a 
perf luoroalkylsulf onic acid resin constituting the 
above-mentioned catalyst layer are mentioned. As the solvent 
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which can be used in obtaining a catalyst layer using a copolymer 
of the present invention, the same solvents as listed as the 
solvent which can be used in forming a membrane of a copolymer 
are mentioned. When a catalyst layer using a copolymer of the 
present invention is used, the polymer electrolyte membrane is 
not limited to a membrane using a copolymer of the present 
invention, and known polymer electrolyte membranes can be used. 

The present invention is described by the following exeimples , 
but the scope of the invention is not limited to these examples 
at all. 

Measurement of molecular weight: 

The number -average molecular weight (Mn) based on the 
polystyrene calibration standard was measured under the 
following conditions by gel permeation chromatography (GPC) . 

GPC measurement apparatus: manufactured by TOSOH; HLC-8220 

Column: manufactured by Shodex; two KD-80M's are connected 
in series 

Column temperature: 40QC 

Mobile phase solvent: DMAc (LiBr is added so as to give 10 
mmol/dm^) 

Solvent flow rate: 0.5 mL/min 
Measurement of proton conductivity; 

Proton conductivity was measured by an alternating current 
method under a temperature of 80QC and a relative humidity of 
90%. 
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Measurement of ion exchange capacity; 

Ion exchange capacity was measured by a titration method. 
Measurement of methanol permeation coefficient; 

A polymer electrolyte membrane to be measured was pinched 
at the center of a H-letter shaped barrier membrane cell 
composed of cell A and cell B, and a 10 wt% methanol aqueous 
solution was placed in cell A and pure water was placed in cell 
B, and the methanol concentrations in cells A and B after a 
certain time at 23QC were analyzed, and the methanol permeation 
coefficient D (cm^/sec) was calculated according to the 
following formula. 

D={(Vxl)/(Axt)}xln{(Ci-Cn,)/(C2-Cn)} 

V; volume of liquid in cell B (cm^) 

1; thickness of electrolyte membrane (cm) 

A; cross sectional area of electrolyte membrane (cm^) 

t; time (sec) 

Ci; solute concentration in cell B at t=l (mol/cm^) 
C2: solute concentration in cell B at t=2 (mol/cm^) 
Cm: solute concentration in cell A at t=l (mol/cm^) 
Cn: solute concentration in cell A at t=2 (mol/cm^) 
Here, the methanol permeation coefficient D was calculated 
hypothesizing that the methanol permeation amount is 
sufficiently small, V is the initial pure water volume and 
represents a constant value, and Cm=Cn=initial concentration 
(10 wt%) . 
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Evaluation of power generation property 

A platinum catalyst carried on fibrous carbon and porous 
carbon woven-fabric as a collector were connected to both 
surfaces of a polymer electrolyte membrane and/or polymer 
electrolyte composite membrane. A humidified oxygen gas was 
flowed on one surface of the unit and a humidified hydrogen gas 
was flowed on another surface thereof, and a power generation 
property was measured. 
Porous substrate 

A polyethylene porous membrane described below produced 
according to Japanese Patent Application Laid-Open { JP-A) No. 
2002-309024 was used. The average pore diameter shows a value 
measured by a bubble point method, ASTM F316-86. 

Polyethylene porous membrane A: average pore diameter d=60 

nm 

Reference Example 1 

Production of polyether sulfone (fluorine end type) 
Into a flask equipped with an azeotropic distillation 
apparatus was added 1000 g of Sumika Excell PES4003P 
(manufactured by Sumitomo Chemical Co., Ltd., hydroxyl group 
end type polyether sulfone) , 7 . 59 g of potassium carbonate , 2500 
ml of DMAc and 500 ml of toluene under a nitrogen atmosphere, 
and the mixture was stirred with heating at 160fiC to cause 
azeotropic dehydration . The mixture was allowed to cool at room 
temperature, then, 53.6 g of decaf luorobiphenyl was added and 
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the mixture was stirred with heating at 80QC for 3 . 5 hours . The 
reaction mixture was dropped into a large amount of water, the 
resulting precipitate was recovered by filtration , washed with 
a methanol/acetone mixed solvent, then, dried at 80ec to obtain 
a fluorine end type polymer described below (hereinafter, 
referred to as PI). 
Mn=3.2xl0'' 




Reference Example 2 

Production of polyether sulf one (fluorine end type) 

A fluorine end type polymer described below (hereinafter, 

referred to as P2) was obtained according to Reference Example 

1 excepting that decaf luorobiphenyl was substituted by 

hexaf luorobenzene . Mn=5.1xl0* 




Example 1 

Production of block copolymer a 



- 29 - 



Into a flask equipped with an azeotroplc distillation 
apparatus was added 1.52 g (8.16 iranol) of 
4 , 4 ' -dlhydroxyblphenyl, 3.92 g (7,99 nunol) of dlpotasslum 
4,4' -dif luorodlphenylsulf one-3 , 3 ' -dlsulf onate and 1.24 g 
(8.97 mmol) of potassium carbonate under an Ar atmosphere, and 
100 mL of DMSO and 30 mL of toluene were added. Thereafter, 
toluene was distilled off with heating at a bath temperature 
of 140QC to cause azeotroplc dehydration in the system, and the 
mixture was stirred while keeping at 170QC for 5 hours, to obtain 
a hydrophilic oligomer. Subsequently, the reaction mixture 
was allowed to cool to room temperature, then, 6.7 g of fluorine 
end type polyether sulfone (PI) synthesized according to 
Reference Example 1 was added, thereafter, the mixture was 
stirred while keeping at 802C for 10 hours. The reaction 
mixture was allowed to cool, then, dropped into a large amount 
of hydrochloric acid water, and the produced precipitate was 
recovered by filtration. Further, washing with water and 
filtration were repeated until the washing liquid became 
neutral, then, the precipitate was dried under reduced pressure 
at 60QC, to obtain 9 . 43 g of a block copolymer a described below. 




- 30 - 



MiiuiuMii.iHM IN Ml., Hiiiih nii I III Mim jip 



Mn=1.2xlo^ 

Ion exchange capacity: 1.04 meq/g 
Proton conductivity: 2.22x10"^ S/cm 

From the ion exchange capacity, the weight composition ratio 
of a segment having an introduced acid group to a segment 
substantially free from introduced acid groups was calculated 
to be 30:70. 
Example 2 

Production of block copolymer b 

Into a flask equipped with an azeotropic distillation 
apparatus was added 1.9 g (10.2 mmol) of 4,4' -dihydroxybiphenyl , 
4.91 g (10 mmol) of dipotassium 

4,4' -dif luorodiphenylsulf one-3 , 3 ' -disulf onate and 1.48 g 
(10.71 mmol) of potassium carbonate under an Ar atmosphere, and 
90 mL of DMSO and 30 mL of toluene were added. Thereafter, 
toluene was distilled off with heating at a bath temperature 
of 150QC to cause azeotropic dehydration in the system, and the 
mixture was stirred while keeping at 170QC for 5 hours , to obtain 
a hydrophilic oligomer. Subsequently, the reaction mixture 
was allowed to cool to room temperature, then, 9 g of fluorine 
end type polyether sulfone (PI) synthesized according to 
Reference Example 1 was added, thereafter, the mixture was 
stirred while keeping at 140QC for 3 hours. The reaction 
mixture was allowed to cool, then, dropped into a large amount 
of hydrochloric acid water, and the produced precipitate was 
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recovered by filtration. Further, washing with water and 
filtration were repeated until the washing liquid became 
neutral, then, the precipitate was dried under reduced pressure 
at 602C , to obtain 12 . 42 g of a block copolymer b described below. 
Mn=9.9xl0'* 




Production of block copolymer c 

5.00 g of the above-mentioned block copolymer b was 
dissolved in 100 mL of concentrated sulfuric acid, and 
sulfonation was effected at room temperature for 48 hours, the 
product was purified by an ordinary method, to obtain 4.50 g 
of block copolymer c . This was analyzed by high resolution NMR, 
and resultantly, the following structure was confirmed. 




Mn=l.lxlO^ 

Ion exchange capacity: 1.51 meq/g 
Proton conductivity: 1.11x10"^ S/cm 
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From the Ion exchange capacity, the weight composition ratio 
of a segment having an introduced acid group to a segment 
substantially free from introduced acid groups was calculated 
to be 27:73. 
Example 3 

Production of block copolymer d 

Into a flask equipped with an azeotropic distillation 
apparatus was added 4.63 g (20.3 mmol) of potassium 
2 , 5-dihydroxybenzenesulf onate, 9.81 g (20 mmol) of dipotassium 
4,4' -dif luorodiphenylsulf one-3 , 3 ' -disulf onate and 3.09 g 
(22.4 mmol) of potassium carbonate under an Ar atmosphere, and 
140 mL of DMSO and 50 mL of toluene were added. Thereafter, 
toluene was distilled off with heating at a bath temperature 
of 140QC to cause azeotropic dehydration in the system, and the 
mixture was stirred while keeping at 1702C for 5 hours , to obtain 
a hydrophilic oligomer. Subsequently, the reaction mixture 
was allowed to cool to room temperature sufficiently, then, 
13.00 g of fluorine end type polyether sulfone (PI) synthesized 
according to Reference Example 1 was added, thereafter, the 
mixture was stirred while keeping at 80QC for 30 hours. The 
reaction mixture was allowed to cool, then, dropped into a large 
amount of hydrochloric acid water, and the produced precipitate 
was recovered by filtration. Further, washing with water and 
filtration were repeated until the washing liquid became 
neutral, then, the precipitate was dried under reduced pressure 
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at 60SC , to obtain 18 . 03 g of a block copolymer d described below . 




Mn=:1.0xlO^ 

Ion exchange capacity: 1.76 meq/g 
Proton conductivity: 1.72x10"^ S/cm 

From the ion exchange capacity, the weight composition ratio 
of a segment haying an introduced acid group to a segment 
substantially free from introduced acid groups was calculated 
to be 33:67. 
Example 4 

Production of block copolymer e 

Into a flask equipped with an azeotropic distillation 
apparatus was added 3.95 g (17.29 mmol) of potassium 
2 , 5-dihydroxybenzenesulf onate, 8 g (16.31 mmol) of dipotassium 
4,4' -dif luorodiphenylsulf one-3 , 3 ' -disulf onate and 2.48 g 
(17.98 mmol) of potassium carbonate under an Ar atmosphere, and 
50 mL of DMSO and 30 mL of toluene were added. Thereafter, 
toluene was distilled off with heating at a bath temperature 
of 150QC to cause azeotropic dehydration in the system, and the 
mixture was stirred while keeping at 150QC for 7 hours , to obtain 
a hydrophilic oligomer. Subsequently, the reaction mixture 
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was allowed to cool to room temperature, then, a solution 
prepared by dissolving 13.78 g of fluorine end type polyether 
sulfone (P2) synthesized according to Reference Example 2 in 
60 mL of DMSO was added, thereafter, the mixture was stirred 
under thermal insulation while heating up to 1402C for a total 
time of 47 hours. The reaction mixture was allowed to cool, 
then, dropped into a large amount of hydrochloric acid water, 
and the produced precipitate was recovered by filtration. 
Further, washing with water and filtration were repeated until 
the washing liquid became neutral, then, the precipitate was 
dried under reduced pressure at 60QC, to obtain 14.08 g of a 
block copolymer e described below. 




Mn=7.2xl0^ 

Ion exchange capacity: 1.60 meq/g 
Proton conductivity: 1,13x10"^ S/cm 

From the ion exchange capacity, the weight composition ratio 
of a segment haVing an introduced acid group to a segment 
substantially free from introduced acid groups was calculated 
to be 30:70. 
Example 5 
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Production of block copolymer f 

Into ,a flask equipped with an azeotropic distillation 
apparatus was added 0.81 g (3.55 mmol) of potassium 
2, 5-dihydroxybenzenesulf onate, 2.6 g (5.3 mmol) of dipotassium 
4,4' -dif luorodiphenylsulf one-3 , 3 ' -disulf onate and 2.48 g 
(3.69 mmol) of potassium carbonate under an Ar atmosphere, and 
30 mL of DMSO and 20 mL of toluene were added. Thereafter, 
toluene was distilled off with heating at a bath temperature 
of 150QC to cause azeotropic dehydration in the system, and the 
mixture was stirred while keeping at 1402C for 7 hours , to obtain 
a hydrophilic oligomer. Further, into a flask equipped with 
an azeotropic distillation apparatus was added 2.87 g (11.47 
mmol) of 4 , 4 ' -dihydroxydiphenylsulf one, 2.46 g (9.68 mmol) of 
4 , 4 ' -dif luorodiphenylsulf one and 1.66 g (12.01 mmol) of 
potassium carbonate under an Ar atmosphere, and 30 mL of DMSO 
and 20 mL of toluene were added. Thereafter, toluene was 
distilled off with heating at a bath temperature of 150QC to 
cause azeotropic dehydration in the system, and the mixture was 
stirred while keeping at 140QC for 7 hours, to obtain a 
hydrophobic oligomer. Subsequently, the reaction mixture was 
allowed to cool to room temperature, then, the resultant 
hydrophilic oligomer solution was added to the hydrophobic 
oligomer solution, and the mixture was stirred under theormal 
insulation while heating up to 150QC for a total time of 13 hours . 
The reaction mixture was allowed to cool, then, dropped into 
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a large amount of hydrochloric acid water, and the produced 
precipitate was recovered by filtration. Further, washing 
with water and filtration were repeated until the washing liquid 
became neutral, then, the precipitate was dried under reduced 
pressure at 60QC, to obtain 7.06 g of a block copolymer f 
described below. 




Mn=9.0xio^ 

Ion exchange capacity: 1.60 meq/g 
Proton conductivity: 9.70x10"^ S/cm 

From the ion exchange capacity, the weight composition ratio 
of a segment having an introduced aqid group to a segment 
substantially free from introduced acid groups was calculated 
to be 30:70. 
Example 6 

Production of block copolymer g 

Into a flask equipped with an azeotropic distillation 
apparatus was added 2.69 g (11.77 mmol) of potassium 
2 , 5-dihydroxybenzenesulf onate, 5.11 g (11 mmol) of dipotassium 
4 , 4-dif luorobenzophenone-3 , 3 ' -disulf onate and 1.69 g (12.24 
mmol) of potassium carbonate under an Ar atmosphere, and 50 mL 



- 37 - 



of DMSO and 30 mL of toluene were added. Thereafter, toluene 
was distilled off with heating at a bath temperature of 150QC 
to cause azeotropic dehydration in the system, and the mixture 
was stirred while keeping at ISOfiC for 7 hours, to obtain a 
hydrophilic oligomer. Subsequently, the reaction mixture was 
allowed to cool to room temperature sufficiently, then, a 
solution prepared by dissolving 10.25 g of fluorine end type 
polyether sulfone (PI) synthesized according to Reference 
Example 1 in 50 mL of DMSO was added, thereafter, the mixture 
was stirred under thermal insulation while heating up to 140fiC 
for a total time of 34 hours. The reaction mixture was allowed 
to cool, then, dropped into a large amount of hydrochloric acid 
water, and the produced precipitate was recovered by filtration. 
Further, washing with water and filtration were repeated until 
the washing liquid became neutral, then, the precipitate was 
dried under reduced pressure at 60QC, to obtain 14.63 g of a 
block copolymer g described below. 




Mn=1.9>clO^ 

Ion exchange capacity: 1.70 meq/g 
Proton conductivity: 1.14x10"^ S/cm 
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From the ion exchange capacity, the weight composition ratio 
of a segment having an introduced acid group to a segment 
substantially free from introduced acid groups was calculated 
to be 30:70. 
Example 7 

A block copolymer (ion exchange capacity: 1.43 meq/g) 
produced according to Example 4 was dissolved in NMP to prepare 
a polymer electrolyte solution having a concentration of 25.5 
wt% . 

Then, a polyethylene porous membrane A was fixed on a glass 
plate, and on this, the above-mentioned polymer electrolyte 
solution was dropped. Using a wire coater, the polymer 
electrolyte solution was spread uniformly on the porous 
membrane, the coating thickness was controlled using a bar 
coater having a clearance of 0 . 3 mm, and the membrane was dried 
under normal pressure at 80QC. Thereafter, the membrane was 
immersed into 1 mol/L hydrochloric acid, further, washed with 
ion exchange water, to obtain a polymer electrolyte composite 
membrane . 

Ion exchange capacity: 1.17 meq/g 
Proton conductivity: 7.96x10"^ S/cm 
Evaluation of fuel cell performance 

Voltage E (V) : 0.8 0.6 0.4 0.2 

Current value I (A/cm^) : 0.17 0.17 1.10 1.40 

Methanol permeation coefficient: 1.86x10"^ cm^/sec 
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The block copolymer of the present invention shows excellent 
performances in various properties such as a membrane forming 
property, chemical stabilities such as oxidation resistance, 
radical resistance, hydrolysis resistance and the like, 
membrane mechanical strength, water resistance and proton 
conductivity and the like, as a proton conductive membrane for 
polymer electrolytes, particularly, fuel cells. It is 
excellent particularly in proton conductivity. 

In addition, the block copolymer of the present invention 
is industrially advantageous , as a polymer electrolyte since 
it shows a high power generation property. 
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